ABSTRACT Approximately 197 species comprise the widespread syrphid tribe, the Cerioidini (Diptera: Syrphidae), but rearing data are known for Ͻ5% of species. We obtained puparia of 10 species from Þeldwork in Costa Rica, Cuba, and México and from material loaned to us from Australia, Brazil, Costa Rica, and the United States. These species are included in four of the Þve genera recognized in the tribe: two species of Ceriana RaÞnesque, 1815; three species of Monoceromyia Shannon, 1925; four of Polybiomyia Shannon, 1925; and one species of Sphiximorpha Rondani, 1850. We describe and compare these puparia. They all possessed the diagnostic characters for the tribe. However, no early stage characters were correlated, hence early stages did not form groups based on shared characters. Some structures were relatively constant in form such as head skeletons and locomotory organs, but characters that showed plasticity included integumental vestiture and respiratory organs. A few features such as the unusually broader than long posterior respiratory process of Ceriana ornata Saunders, 1845, the spicules on the dorsum of the prothorax of Sphiximorpha barbipes (Loew, 1853) , and the mesothoracic hooks of Monoceromyia tricolor (Loew, 1861) were unique to these species. Most cerioidine larvae were reared from tree sap but others came from tree holes, the liquid center of a cut agave (Agavaceae) and bee nests (Hymenoptera, Apidae). Field observations of larvae and their breeding site suggested functional explanations for some morphological features.
States was loaned to us by the United States National Museum (USNM), Washington, DC, and the Instituto Nacional de Biodiversidad (INBio), Costa Rica. Other sources of material are acknowledged under each species. Due to lack of taxonomic data, larvae collected in the Þeld could not be identiÞed to species, and they were reared in the laboratory to obtain the adult stage for identiÞcation.
Rearing usually took place in a controlled chamber at 20ЊC, 65Ð 85% humidity, and in the dark. Larvae were reared in plastic boxes containing material from the breeding site in which they were found. For respiration a hole was cut in the lid and covered with netting. Boxes were checked daily to ensure they were sufÞciently moist and to remove puparia. Puparia were reared individually on damp tissue in 55-mm-diameter petri dishes and checked daily until adults emerged. Adults were identiÞed using Thompson (1999) ; "A conspectus on Australian ßower ßies," "Mesoamerican ßower ßies with particular references to Costa Rica," and "Primer Taller de IdentiÞcació n: Syrphidae del Nestró pico, February 2006, Cali, Colombia" (F. C. Thompson, unpublished data) and by comparison with named specimens in the collections of INBio in Costa Rica and the USNM.
Descriptions of early stages are based on the puparial stage that retains all the features of the thirdstage larva (Rotheray 1993) . Head skeletons were examined by softening puparia in a cold solution of KOH for Ϸ30 min and removing them from the anteroventral margin of the puparium by using pins. Illustrations were made using a binocular microscope Þt-ted a drawing tube. Photomicrographs were obtained using a Hitachi S3000N scanning electron microscope (SEM) operated at 20 kV. Measurements were made using an eyepiece micrometer Þxed to a binocular microscope.
Puparium length was measured on the ventral surface from the anterior margin that is part of the prothorax to the apex of the anal segment. Width was the maximum of structures measured. The length of the posterior respiratory process (prp) is a useful diagnostic character, but it is not measurable along its entire length because in most specimens the base is hidden within the folds of the anal segment. To overcome this difÞculty, comparisons between species were made by measuring the length of the prp above the transverse band to the apex, with the result expressed as a proportion of the width of the prp at the transverse band. The transverse band encircles the prp below the apex. It is a characteristic feature of the prp in Eristalinae (Syrphidae) and has various states from a raised ridge, a narrow band of striations or other distinctive surface sculpture to an indented groove (Rotheray and Gilbert 1999) .
To compare head skeletons the length of the ventral cornu was measured and in addition, an indentation index calculated for each species (Ferrar 1987) . The indentation index is a measure of the extent the dorsal cornu is available as a surface for muscle attachment that may be correlated to the liquidity of the food. The longer the dorsal cornu, the greater the index and the area for muscle attachment and the more powerful is the cibarial pump. In species with larvae developing in water-Þlled tree holes a low index and a less powerful cibarial pump could be expected compared with species developing in viscous tree sap. The index is calculated by expressing the length of the dorsal cornu as a proportion of the degree it is indented posteroapically at the junction with the rest of the basal (ϭpharyngeal) sclerite (Ferrar 1987) .
Terminology follows Hartley (1961) and Rotheray (1993) for gross morphology and Hartley (1963) , Roberts (1970) , and Rotheray and Gilbert (1999) for head skeleton structure.
For the early stages of each species rather than provide full, individual descriptions that would necessarily involve much repetition, we give Þrst a list of shared, external characters from across the body and also from the head skeleton. These are characters that provide an account of the morphology of the species studied that should enable future comparisons. Characters unique to the sample in relation to outgroup taxa such as Xylotini and those variable in states and are hence potentially useful as diagnostic characters for individual or groups of species are also listed. For measured characters, ranges are given over the entire sample of included taxa. Under the descriptions of each species individual values for measured characters are given and also unique and diagnostic characters and states relative to the species considered here.
After each description a separate taxonomic section follows in which species sharing suites of characters are discussed and characters that enable species to be recognized and distinguished are noted. Additional details of material examined, provenance and breeding sites are also given. The following initials indicate the institutions where material is deposited: CIBIO, Centro Iberamericano de la Biodiversidad, University of Alicante (Alicante, Spain); INBio, Instituto Nacional de Biodiversidad (Santo Domingo de Heredia, Costa Rica); NMS, National Museums of Scotland (Edinburgh, Scotland); USNM, United States National Museum (Washington, DC); and SI, Smithsonian Institution (Washington, DC). Initially, label SI was used, but now USNM is used.
Results

Early Stage Characters Shared by the Cerioidine Described Species
Larva with saprophagous mouthparts, i.e., mandible and mandibular lobes invaginated into the mouth and functioning as a Þlter for separating suspended food (Roberts 1970, Rotheray and Gilbert 1999) and "shorttailed," i.e., length of anal segment between 0.25 and 1.0ϫ body length; truncate anteriorly, tapered posteriorly, subcyclindrical to slightly dorso-ventrally ßattened in cross-section; length 9Ð13 mm, width 3.7Ð5.3 mm; head skeleton between 1.1 and 2.2 mm long with indentation index varying from 13 to 28%; dorsal cornu much shorter than ventral cornu, between 15 and 37% of its length; dorsal bridge, dorsal and ventral bridge and cibarial ridges present; basal (ϭpharyngeal) sclerite varying in degree of sclerotization; prothorax broad apically with Þve aggregated groups of dark brown-to-black spicules on the anterior fold (curved down apex of the prothorax above the antennae and below the longitudinal grooves on the dorsum of the prothorax); below the mid-dorsal groups of spicules setae coating the base of the anterior fold; anterior spiracles with 4Ð12 spiracular openings on an inclined, outwardly facing, apical spiracular plate and length of the process between 1 and 2ϫ basal width; mesothoracic prolegs present with crochets in three rows, number of primary crochets varying from 6 to 16; parallel longitudinal folds on the lateral margins of the mesothorax beyond sensilla 4 and 5 with aggregations of spicules or hooks (C. tridens); abdomen with sensilla 7 and 8 on segments 1Ð7 approximated on a basal ßeshy papilla; integument of body usually pale but ground color often obscured by adhering material from the breeding site; vestiture (integumental setae) varying in length from 0.02 to 0.2 mm and in color from translucent to black; vestiture arranged in various ways and densities on the dorsum and lateral margins of the body, from transverse to inclined bars and clumps of various sizes and arrangements; anal segment with three pairs of approximately equidistant lappets, third posterior pair longer than the Þrst two pairs; prolegs present on the Þrst six abdominal segments, bearing crochets in three rows, 7Ð17 primary crochets on abdominal segment one, 5Ð11 primary crochets on segment 6; crochets red-brown to black; posterior respiratory process (prp): pale to darkbrown; tapering at apex; transverse band varying from an indented groove to a clear or indistinct line bordering changes in surface sculpture; surface sculpture ranging from striations to pits and punctures and from shiny to matt; variable in length from 0.4 to 2.3 mm; spiracular plate with three pairs of spiracular openings, dorsal and ventral openings usually tilde-shaped (Ϸ), middle pair either tilde-shaped or recurved (convoluted in C. ornata); interspiracular setae usually multibranched and conspicuous; pupal spiracles absent.
Taxonomic Notes
Cerioidine early stages (larva and puparium) are most similar to those of Xylotini and Tropidia Meigen, 1822 in being short-tailed with equidistant lappets, mandibles and mandibular lobes invaginated into the mouth, a broad and truncate prothorax with a well developed anterior fold and prolegs with crochets. Cerioidini are readily distinguished from other shorttailed larvae by grouped spicules on the anterior fold and absence of pupal spiracles. In basal Eristalinae, the mandibular lobes are ßeshy, coated in food-gathering cirri, and partially external being continuous with the pseudocephalon (ßeshy head) on their outside margins and attached to the mandibles on their inside margins. In derived Eristalinae such as Cerioidini, they are internal and function as Þlters anterior to the mouth. Externally, their food-gathering function is replaced by the lateral lobes that lie either side of the mouth and that are coated in broad setae basally and Þne setae apically. However, lateral lobes are prothoracic in origin as revealed by the position of landmark sensilla (Rotheray and Gilbert 1999) . Within segments, a complex pattern of sensilla, impressed lines, and folds in addition to segmental boundary lines is present. However, these sensilla, lines and folds are relatively constant within Syrphidae, including Cerioidini, but they are useful markers for particular segmental positions. Similarly constant are the prolegs that in higher Eristalinae, including Cerioidini become smaller from the Þrst to the sixth abdominal segment and in the orientation of crochets from being on the anterior margin on segment 1 to the lateral margin on segment 6.
Species Descriptions
Ceriana ornata (Saunders) (Figs. 1 and 3, 7, 16) Larva (puparium represented in Fig. 1) . Length: 10.83Ð11.17 mm; width 5.25Ð5.5 mm (n ϭ 3); head skeleton ( Fig. 3) : length of ventral cornu 1.34 mm; indentation index 15%; pharyngeal sclerite with heavily sclerotized dorsal cornu, which is upright, not curved; sclerotization extending linearly along the medial part of the ventral cornu; anterior spiracles: length 0.19 Ð 0.22 mm, basal width 0.2Ð 0.21;12 spiracular openings (n ϭ 3); mesothoraic prolegs with 7Ð10 crochets in the primary row; abdomen: vestiture of Þne, 0.04 mm long, translucent setae arranged in rows across the secondary folds of each segment; vestiture shorter on the ventral surface; integumental markings absent; prolegs with seven to nine crochets in the primary row of segment 1, and eight in the primary row of segment 6; prp (Figs. 7 and 16): width at transverse band 0.86 Ð1.06 mm; width at apex 0.62Ð 0.64 mm; length between transverse band and apex 0.2Ð 0.28 mm (n ϭ 3); dark brown with the transverse band taking the form of a deep groove; faint striations below the band and above, coriaceous with conspicuous domed surface, shiny and with a deep longitudinal, mid-dorsal impression from apex to transverse band on both dorsal and ventral margins; spiracular plate with a raised border bearing highly convoluted spiracular openings.
Taxonomic Notes. Readily distinguished from all other species considered here by the respiratory organs. The anterior spiracles have 12 openings, other species have six or four. The prp is wider than long with a grooved transverse band and the spiracular openings are convoluted, not simple curves. No other species has these characters. However, in having abdominal vestiture of Þne setae arranged in rows across the secondary folds within segments C. ornata is similar to M. superba, M. tricolor, P. pedicellate, and P. signifera.
Material Examined. AUSTRALIA: Brisbane: one puparium (labeled together with an adult), Trigona parasite, January 1888, H. Hoskings (SI); 30 larvae and three puparia, ex hive of Trigona carbonaria Smith, 1854 bees (Hymenoptera, Apidae), February 2002, T. A. Heard (NMS).
Ceriana tridens (Loew) (Figs. 8 and 17)
Puparium. Length 10.67 mm; width 4.17 mm (n ϭ 1); head skeleton: length of the ventral cornu 1.56 mm; indentation index 15.2%; pharyngeal sclerite at junction of dorsal and ventral cornea with area of black sclerotization small, like M. superba (Fig. 4) ; anterior spiracles: missing from specimen; mesothoracic prolegs: with six to seven crochets in the primary row; abdomen: vestiture of 0.04 Ð 0.12 mm long setae; middorsal line of the puparium almost bare, pale; upper lateral margin of each abdominal segment with an inclined band of black setae; lower lateral margin with U-shaped bands of setae forming an almost continuous line; between these bands sensilla surrounded by groups of black setae; prolegs with dark-brown crochets; seven to eight crochets in the primary row of segment one and six in the primary row of segment 6; prp (Figs. 8 and 17) : width at transverse band 0.48 mm; width at apex 0.32 mm; length between transverse band and apex 0.84 mm; light-brown, with a distinct transverse band; light and conspicuous striations below the band and above, shiny and with coarse punctures gradually smaller toward the apex; dorsal and ventral spiracular openings almost straight, middle openings recurved.
Taxonomic Notes. The following characters distinguishes the early stages of this species: length of prp above transverse band Ͻ2ϫ width at transverse band; vestiture absent on mid-dorsum of abdominal segments 1Ð7; middle pair of spiracular openings on prp recurved. Most similar to M. tricolor and P. macquarti in having a short prp but the recurved middle spiracular openings and absence of mid-dorsal, abdominal vestiture separates C. tridens.
Material Examined. USA: California: one puparium (labeled with its adult): Contra Costa Co., 14-IV-12, pres. by J. G. Grundel, identiÞed by F. C. Thompson, 76 (SI) .
Monoceromyia rubrobrunnea (Hull)
(Figs. 9 and 18) Puparium. Length 11.67 mm; width 4.17 mm (n ϭ 1); head skeleton: length of the ventral cornu 2.2 mm; indentation index 18.5%; pharyngeal sclerite at junction of dorsal and ventral cornea black and sclerotized, sclerotization extending linearly along the upper margin of the ventral cornu; anterior spiracles: missing from specimen; mesothoracic prolegs: with 13Ð16 crochets in the primary row; abdomen: vestiture varied in size and color from 0.02 to 0.16 mm long setae; vestiture forming a complex pattern of long black setae and short pale setae; mid-dorsally and on each abdominal segment is a H-shaped arrangement of black setae forming a broad interrupted band of dark setal patches; upper lateral margin of each abdominal segment with an inclined band of black setae; lower lateral margin with U-shaped bands of setae forming an almost continuous line; between these bands sensilla surrounded by groups of black setae; ventral surface mostly bare without vestiture; prolegs with 12Ð14 black crochets in the primary row of segment 1 and 5 on segment 6; prp (Figs. 9 and 18): width at transverse band 0.62 mm; width at apex 0.44 mm; length between transverse band and apex 1.6 mm; transverse band indistinct; light striations below the band and shiny and Þnely punctured above; spiracular openings slightly curved.
Taxonomic Notes. The early stages of this species can be distinguished by the following characters: length of prp above transverse band between 2 and 2.5ϫ width at transverse band; mid-dorsal vestiture on abdominal segments 1Ð7 forming H-shapes; spicules absent on dorsum of prothorax; middle spiracular openings slightly curved, not recurved. The early stages of this species are most similar to P. bergrothi and S. barbipes in having a mid-dorsal, H-shaped arrangement of vestiture on abdominal segments 1Ð7. However, in M. rubrobrunnea the length of prp above the transverse band is 2.5ϫ the width at transverse band that separates it from P. bergrothi, which is 3ϫ as long in relation to width and S. barbipes, which is 2.5ϫ as long.
Material Examined. COSTA RICA: Guanacaste: one puparium (labeled with its adult), Santa Rosa, ex sap exudations on Guanacaste trees, 26-VI-2000, E. G. Hancock and G. E. Rotheray.
Monoceromyia superba (Williston) (Figs. 4 and 10, 19)
Puparium. Length10 Ð12.17 mm; width 3.8 Ð 4.67 (n ϭ 4); head skeleton ( Fig. 4) : length of the ventral cornu 1.72 mm; indentation index 16.7%; pharyngeal sclerite only black and heavily sclerotized at the base of dorsal cornu; dorsal cornu recurved; anterior spiracles: length 0.13Ð 0.14 mm; width 0.13Ð 0.17; four spiracular openings (n ϭ 3); mesothoracic prolegs: prolegs with Þve or six crochets in the primary row; abdomen: vestiture translucent and inconspicuous, 0.03 mm long and arranged in rows across the secondary folds of each segment; prolegs with 11Ð15 crochets in the primary row of segment 1, and Þve or six in the primary row of segment 6; prp (Figs. 10 and 19): width at transverse band 0.64 Ð 0.76 mm; width at apex 0.4 Ð 0.46 mm; length between transverse band and apex 1.2Ð1.52 mm; transverse band indistinct; light striations below the band and shiny and inconspicuously punctured above; spiracular opening slightly curved.
Taxonomic Notes. The early stages of M. superba are most similar to P. pedicellata and P. signifera in having the length of the prp Ͼ2ϫ the width at the transverse band and having rows of vestiture on the abdomen. The following characters separate the early stages of M. superba: length of prp above transverse band Ͼ2ϫ the width at transverse band; dorsum of abdomen with vestiture arranged in rows on secondary folds; middle spiracular openings of the prp slightly curved.
Material Examined. COSTA RICA: one puparium (labeled with its adult) collected as larva, San José , Mora, Z.P. El Rodeo, camino a rṍo Jaris, 800m, LN- Puparium. Length 10 Ð10.83 mm; width 3.67Ð 4.17 mm (n ϭ 2); head skeleton: length of the ventral cornu 1.6 mm; indentation index 13%; pharyngeal sclerite black and heavily sclerotized at the junction of dorsal and ventral cornea and extending into the dorsal cornu; anterior spiracles: length 0.12; basal width 0.1 mm; with four spiracular openings; mesothoracic prolegs: with nine crochets in the primary row; mesothorax with apices of the pair of parallel longitudinal folds on the lateral margins beyond sensilla four and Þve with three or four hooks on lower fold with four to six larger hooks on the upper fold (Fig. 6) ; abdomen: vestiture translucent, 0.05 mm long in rows on secondary folds of the abdominal segments; prolegs with nine crochets in the primary row of segment 1, and six in the primary row of segment 6; prp (Figs. 11 and 20) : width at transverse band 0.48 Ð 0.6 mm; width at apex 0.38 Ð 0.56 mm; length between transverse band and apex 0.9 Ð 0.98 mm; transverse band distinct; light striations below the band and deeply punctured above; dorsal and ventral spiracular openings almost straight, middle openings recurved.
Taxonomic Notes. Easily distinguished from all other species considered here by the hooks on the mesothorax (Fig. 6) . However, in having abdominal vestiture of Þne setae arranged in rows across the secondary folds within segments M. tricolor is similar to C. ornata, M. superba, P. pedicellate, and P. signifera. It shares a recurved middle pair of spiracular openings on the prp with P. pedicellata. P. signifera and shares Puparium (Fig. 2) . Length 9.2Ð9.92 mm; width 4 Ð 4.33 mm (n ϭ 4); head skeleton: as in P. macquarti (Fig. 5) , except length of the ventral cornu 1.58 mm; indentation index 24.1%; pharyngeal sclerite black and heavily sclerotized at the junction of dorsal and ventral cornea and extending anteriorly along the base of dorsal cornu; anterior spiracles: length 0.19 Ð 0.2 mm; width 0.16 Ð 0.17 mm; six spiracular openings (n ϭ 4); mesothoracic prolegs: with 8 Ð10 crochets in the primary row; abdomen: vestiture varied in size from 0.14 to 0.18 mm long; forming a complex pattern of long brown and short setae; mid-dorsally and on each abdominal segment is a H-shaped arrangement of brown setae forming a broad interrupted band of brown setal patches; upper lateral margin of each abdominal segment with an inclined band of brown setae; lower lateral margin with U-shaped bands of setae forming an almost continuous line; between these bands sensilla surrounded by groups of brown setae; ventral surface with transverse rows of setae between the prolegs; prolegs with 7Ð11 primary crochets on segment 1 and 2 to four primary crochets on segment 6; prp (Figs. 12 and 21): width at transverse band 0.5Ð 0.72 mm; width at apex 0.28 Ð 0.4 mm; length between transverse band and apex 1.68 Ð2.6 mm (n ϭ 4); distinctly tapered toward the apex, with an indistinct transverse band; faint striations below the band; mostly shiny above with very Þne punctures aggregated about the medial region and less so toward the apex.
Taxonomic Notes. The early stages of P. bergrothi are most similar to M. rubrobrunnea and S. barbipes in having a mid-dorsal, H-shaped arrangement of vesti- ture on abdominal segments 1Ð7. P. bergrothi may be distinguished from these species by the very long prp, which is 3ϫ longer above the transverse band than the band is wide. The prp is shorter in both other species. Also by the anterior spiracles, which have six spiracular openings, four in the other species.
Material Examined. COSTA RICA: Limó n, Talamanca, Sixaola, San Miguel, Sendero El Cerrillo, 10 Ð 65 m, LS-39100N, 612000E, ex sap exudation on Carapa guianensis Aubl. (Meliaceae): four puparia (labeled with their adults) collected as larvae, 26-II-99, D. Briceñ o, E.G. Hancock and G. E. Rotheray. Shannon (Figs. 5 and 13, 22) Puparium. Length 8.58 Ð9.33 mm; with 3.33Ð 4.08 mm (n ϭ 4); head skeleton ( Fig. 5) : length of the ventral cornu 1.18 mm; indentation index 14.3%; pharyngeal sclerite black and heavily sclerotized at the junction with the dorsal cornu, which is recurved; area of sclerotisation extending linearly along the upper margin of the ventral cornu; anterior spiracles: length 0.14 Ð 0.16 mm; width 0.1Ð 0.12 mm; (n ϭ 4); four spiracular openings; mesothoracic prolegs: with 7Ð10 crochets in the primary row; abdomen: vestiture varied in size and color, from 0.04 to 0.1 mm long, forming a complex pattern with long blackish-brown setae and short paler setae and dark, mid-dorsal integumental markings on abdominal segments 1Ð7; upper lateral margin of each abdominal segment with an inclined band of setae; lower lateral margin with U-shaped bands of setae forming an almost continuous line; between these bands sensilla on a black ßeshy papillae; ventral surface mostly bare; prolegs with 8 Ð10 crochets in the primary row of segment 1 and 5Ð10 in the primary row of segment 6; prp (Figs. 13 and 22): width at transverse band 0.4 Ð 0.5 mm; width at apex 0.28 Ð 0.38 mm; length between transverse band and apex 0.64 Ð 0.72 mm (n ϭ 4); with a distinct, transverse band; light but clear striations below the band and shiny and moderately-coarse punctured above; spiracular openings slightly curved.
Polybiomyia macquarti
Taxonomic Notes. The early stages of this species are similar to those of others such as M. rubrobrunnea, P. bergrothi, P. signifera, and S. barbipes that have a complex pattern of vestiture on the abdomen. However, P. macquarti is easily separated from these species by the dark, blotch-like markings on the middorsal line of the abdomen, a character shared only with P. signifera and from that species by the short prp which is 1.5ϫ as long above the transverse band as it is wide at the band. prolegs: with 9 Ð13 crochets in the primary row; abdomen: vestiture of Þne, 0.14 mm long, translucent setae arranged in rows across the secondary folds of each segment; vestiture shorter on the ventral surface; integumental markings absent; prolegs with 11Ð17 crochets in the primary row of segment 1 and four to six in the primary row of segment 6; prp (Figs. 14 and 23): width at transverse band 0.48 Ð 0.56 mm; width at apex 0.3Ð 0.4 mm; length between transverse band and apex 1.36 Ð1.72 (n ϭ 3); yellowish-brown, with an indistinct, transverse band; conspicuous striations and matt surface below the band; aggregated punctures above the band; middle spiracular openings recurved, dorsal and ventral openings slightly curved.
Taxonomic Notes. The early stages of P. pedicellata are most similar to those of M. superba and P. signifera in having transverse rows of abdominal vestiture and a prp with length above the transverse band of 2ϫ the width at the band. They can be distinguished from those of P. signifera by the uniform length of the abdominal vestiture and from those of M. superba by the recurved middle pair of spiracular openings on the prp.
Material Examined. COSTA RICA: Guanacaste: four puparia (labeled with their adults) collected as larvae, Á rea de Conservació n Guanacaste, Estació n Santa Rosa, Bosque Hú medo, 300 m, LN-313000, 359800E, ex hole with leaves and decaying organic material in tree of Hymenaea courbaril L. Puparium. Length 12.67Ð13.83 mm; width 4.08 Ð 4.75 mm (n ϭ 4); head skeleton: length of the ventral cornu 1.86 mm; indentation index 28%; pharyngeal sclerite at junction of dorsal and ventral cornea black and sclerotized and sclerotization extending linearly along the upper margin of the ventral cornu; anterior spiracles (plate bearing them, in Fig. 25 ): length 0.12Ð 0.14 mm; width 0.08 Ð 0.1 mm; four spiracular openings (n ϭ 4); mesothoracic prolegs: with 10 Ð12 crochets in the primary row; abdomen: vestiture varied in size and color, from 0.04 to 0.2 mm long, forming a complex pattern with long blackish brown setae and short paler setae and dark, mid-dorsal integumental markings on abdominal segments 1Ð7; upper lateral margin of each abdominal segment with an inclined band of setae; lower lateral margin with U-shaped bands of setae forming an almost continuous line; between these bands sensilla on a black ßeshy papillae; ventral surface mostly bare; prolegs with seven to nine crochets in the primary row of segment 1, and four or Þve in the primary row of segment 6; prp (Figs. 26 and 27) : width at transverse band 0.54 Ð 0.68 mm; width at apex 0.38 Ð 0.48 mm; length between transverse band and apex 1.44 Ð1.8 mm (n ϭ 4); transverse band indistinct, below without obvious striations and above moderately coarse punctured; spiracular openings slightly curved.
Taxonomic Notes. The early stages of P. signifera are similar to those of others such as M. rubrobrunnea, P. bergrothi, P. macquarti, and S. barbipes that have a complex pattern of vestiture on the abdomen. However P. signifera is easily separated from these species by the dark, blotch-like markings on the mid-dorsal line of the abdomen, a character shared only with P. macquarti and from that species by the long prp, which is Ͼ2ϫ as long above the transverse band as it is wide at the band.
Material Examined. MÉ XICO: Hidalgo: eight puparia collected as larvae, Santo Domingo, the wet central part of a cut "Maguey" ( Puparium. Length 10.33Ð11.33 mm; width 3.5Ð 4.33 mm (n ϭ 3); head skeleton: length of the ventral cornu 1.96 mm; indentation index 16%; pharyngeal sclerite at junction of dorsal and ventral cornea black and sclerotized, sclerotization extending linearly along the upper margin of the ventral cornu; prothorax: anterior margin of the dorsum with 7Ð 8 spicules; anterior spiracles: length 0.18 Ð 0.2, basal width 0.1Ð 0.11 mm; four spiracular openings (n ϭ 2); mesothoracic prolegs with 12Ð14 crochets in the primary row; abdomen: vestiture varied in size and color from 0.02 to 0.12 mm long, forming a complex pattern of long blackish setae and short paler setae; mid-dorsally and on each abdominal segment is a H-shaped arrangement of setae forming a broad interrupted band of dark setal patches; upper lateral margin of each abdominal segment with an inclined band of setae; lower lateral margin with U-shaped bands of setae forming an almost continuous line; between these bands sensilla surrounded by groups of black setae; ventral surface bare; prolegs with 11Ð15 brown crochets in the primary row of segment one and 10 Ð11 in the primary row of segment 6; prp (Figs. 15 and 24 ): width at transverse band 0.66 Ð 0.72 mm; width at apex 0.4 Ð 0.42 mm; length between transverse band and apex 1.4 Ð1.46 mm (n ϭ 3); dark brown, transverse band distinct; below the band coriaceous and smooth and above shiny, with very Þne punctures aggregated about the medial region and less so toward the apex; dorsal and ventral spiracular openings almost straight, middle openings recurved.
Taxonomic Notes. The early stages of S. barbipes are identiÞable from the unique character of spicules on the dorsum of the prothorax. Apart from this, the following combination of characters separates the early stages of S. barbipes from other species studied here: length of prp above transverse band Ͼ2ϫ width at transverse band; mid-dorsal vestiture on abdominal segments 1Ð7 forming H-shapes; spicules on dorsum of prothorax; 10 Ð11 crochets on prolegs of abdominal segment 6. The early stages of this species are most similar to M. rubrobrunnea and P. bergrothi in having a mid-dorsal, H-shaped arrangement of vestiture on abdominal segments 1Ð7 and either side of which are clumps of setae and inclined bars. From a distance, the puparia of these species look mottled due to this pattern. A similar mottled appearance is present in the puparia of C. tridens and P. macquarti but mid-dorsally vestiture is absent in the former species and black integumental markings not setae are present in the latter species.
Material Examined. BRAZIL: Bahia: one puparium (labeled with its adult), ex tree hole, March 1929, Rockefeller Foundation., Lab. Shannon; two puparia (labeled with their adults), same data but collected in Piraje from bamboo, April 1929 (SI).
Discussion
The absence of pupal spiracles, invaginated mandibles and mandibular lobes and grouped spicules on the prothoracic anterior fold are diagnostic early stage characters for the Cerioidini (Rotheray and Gilbert 1999) . The puparia of the 10 species described here also possess these characters and this adds support to their diagnostic value. Other early stage characters shared by the species studied here and those described previously where these characters are either Þgured or described, are a tapered apex to the prp and developed mesothoracic and abdominal prolegs with three rows of relatively large crochets per proleg.
Within the Cerioidini, the validity of genera, their limits and included species are not settled (Shannon 1927 , Riek 1954 , Vockeroth 1971 , Whittington 2003 . We studied the early stages of two species of Ceriana, three of Monoceromyia, four of Polybiomyia and one Sphixomorpha but did not Þnd any characters that either uniquely or in combination, support these genera. Nor did we Þnd groupings of species based on shared characters irrespective of these genera. For example the 10 species can be divided into two equal groups based on those that have complex patterns of vestiture (M. rubobrunnea, P. bergrothi, P. macquarti, P. signifera and S. barbipes) and those that have uniform rows of vestiture (C. ornata, C. tridens, M. superba, M. tricolor, and P. signifera) . However, no other characters correlate to these groups, either in the locomotory or respiratory organs and no correlations were found between the various states of these latter characters and particular taxa or breeding site. Furthermore, we found no correlations between the indentation index and the length of the ventral cornu in the head skeleton and variation in these features did not correlate with genera or liquidity of breeding site.
This could mean that early stages are not informative for supraspeciÞc relationships within Cerioidini. But, this would be unusual because in other Syrphidae early stages are a valuable source of phylogenetic information (Rotheray and Gilbert 1999, Ståhls et al. 2003) . Alternatively, lack of support from early stages could mean that currently recognized genera do not represent monophyletic groups. It also could indicate that supraspeciÞc groups do not exist within the Cerioidini but with a lineage of 197 species, this seems unlikely. The problem is probably inadequate sampling. When a greater proportion of early stages are studied, characters will probably be found that better evaluate proposed genera and their limits.
Published descriptions of cerioidine early stages involve only nine species (Lundbeck 1916 , Bhatia 1931 , Heiss 1938 , Lane and Carrera 1943 , Sivova 1999 , Krivosheina 2001 , Rotheray et al. 2006 . Unfortunately, many of these lack the detail required for evaluating the validity of cerioidine genera.
Nonetheless, from these studies and the descriptions presented here certain characters are clearly more plastic than others. For example, integumental vestiture is varied in size, shape, color, and density. In the simplest state vestiture is translucent and uniform in size and density as in C. ornata, M. superba, and P. pedicellata. In other species it forms patterns involving bars and clumped setae of varying size, density, and color like in M. rubrobrunnea and S. barbipes. Such patterning may be enhanced by pale or dark markings within the integument as in C. tridens, P. macquarti, and P. signifera. However, these markings are conÞned to the puparium.
The posterior respiratory process (prp) is also very variable not only in length but also in surface sculpturing and shape of the spiracular openings (Figs. 7Ð24, 26, and 27) . Such variability contrasts with structures like the head skeleton that varies little in size or shape and the locomotory organs that tend to be uniform varying only in the color and occasionally the number of crochets. For example, M. superba and C. tridens stand out in having mesothoracic prolegs with a mean of six primary crochets in contrast to the remaining species that have a mean of nine. There are also unique characters such as the very convoluted spiracular openings and broader than long prp of C. ornata and the mesothoracic hooks of M. tricolor.
Most cerioidine rearing records come from exuded tree sap (Lundbeck 1916 , Bhatia 1931 , Heiss 1938 , Maier 1982 , Maier 1987 , Sivova 1999 , Krivosheina 2001 . However, exceptions exist. For example, Lane and Carrera (1943) reared Ceriana odontomera (Curran 1941) from cut bamboo. But, Rotheray et al. (1998) reared this species from tree sap. Rotheray et al. (2006) reared Ceriana vespiformis (Latreille, 1809) from wet, decaying, Fraxinus L. tree roots. Sivova (1999) ) reared Ceriana nigerrima Violovitsh, 1974 from holes in Ulmus L. trees, and Krivosheina (2001) reared Ceriana naja Violovitsh, 1974 from holes in Populus L. trees. But, both species also were reared from tree sap. Further exceptions to tree sap are recorded in our study. In Australia, C. ornata was reared from the nests of Trigona bees, but Cockerell (personal communication in Rayment 1932 ) says "they are not really parasites." Then, larvae are probably saprophagous feeding on debris of the bee colony. In Mé xico, P. signifera was reared from the liquid center of a cut Agave. In Brazil, S. barbipes was reared from tree holes and bamboo. Finally, in Costa Rica, M. superba and P. pedicellata were reared from tree holes.
The nature of the various breeding sites may explain some of the morphological features of cerioidine early stages. The spicules of the anterior fold are large and well developed in relation to other eristaline syrphid larvae. In sticky, viscous media such as tree sap, the spicules probably protect the front of the larva during feeding and forward locomotion which involves the thorax being expanded forward and retracted repeatedly. Facilitating expansion and contraction, the thorax collapses along characteristic impressed lines that cover the thorax (Rotheray and Gilbert 1999) . However at the front of the thorax, large spicules may interfere with contraction. To overcome this restriction, spicules are absent along the impressed lines of the anterior fold. This results in the diagnostic cerioidine feature of Þve spicule groups (Fig. 6) . In other eristaline larvae that have spicules on the anterior fold, those next to impressed lines may be reduced in size or density but none examined to date, have grouped spicules. In the larva of S. barbipes the dorsum of the prothorax has several large spicules and in the larva of M. tricolor, hooks are present on the antero-lateral margins of the mesothorax (Fig. 6) . As in many xylotines, armature like this protects the integument from wear and tear during movement (Rotheray and Gilbert 1999) . Presumably, these hooks and spicules facilitate access or movement through the material of the breeding site in some specialized way in relation to congenerics, but this has yet to be demonstrated.
Pupation sites of ceriodine larvae are frequently exposed, within or close to the breeding site such as on bark in species breeding in tree holes and exudations of tree sap. Under these circumstances, they are probably exposed to predation. Complex patterns of vestiture, which in species such as C. tridens and P. macquarti also include integumental markings, may be disruptive in function and part of crypsis. They break up the outline of the puparium from visually hunting insectivores such as birds. Furthermore, as suggested by Bhatia (1931) , absence of pupal spiracles, one of the diagnostic features of cerioidine early stages, may be explained by their habit of pupariation in exposed places in comparison with many eristalines, which characteristically pupate in partially or wholly submerged conditions. Pupal spiracles which protrude from the front of the puparium enable respiration in such conditions. Among other syrphids, loss of pupal spiracles is only a feature of higher Syrphinae which similarly pupariate in exposed places, in this case on plant substrates (Rotheray and Gilbert 1989) .
By lifting up the anal segment, the elongate and tapered prp can be exposed to the air for respiration. When this happens, the spiracular plates bearing the respiratory openings are "anchored" at the surface of the breeding medium by the water repellent, hinged, interspiracular setae which splay out and surround the apex of the prp. Presumably helped by surface tension, they prevent the openings from being blocked or ßooded. Hence, the larva can respire yet move and feed at the same time. The wide variation observed in the length of the prp may correlate to characteristic depths at which larvae feed and respire. However, such correlations have yet to be demonstrated. All tree hole species in our sample had relatively long prps, and depths are probably greater in holes than in exudations of tree sap. However, two species with long prps were reared from only exuding sap, M. rubrobrunnea (Figs. 9) and P. bergrothi (Figs. 2 and 12 ). The prp of C. ornata is exceptionally short being broader than long (Figs. 7 and 16 ). The larva of this species develops in bee nests where a short prp may be protective in that it cannot be grabbed by worker bees, or it may simply reßect a way of life where it is rarely submerged.
